
A Strong Synergism of Low Birth Weight and Prenatal
Smoking on Asthma in Schoolchildren

WHAT’S KNOWN ON THIS SUBJECT: Smoking during pregnancy is
associated with airway inflammation and asthma in the offspring. It
also increases the risk of impaired intrauterine growth and low birth
weight. Low birth weight, in turn, is associated with decreased lung
function independently of smoking.

WHAT THIS STUDY ADDS: In schoolchildren, the risk of physician-
diagnosed asthma from smoking during pregnancy was
increased sixfold in low birth weight children compared with
children born at normal weight. Likely, smoke-induced airway
infammation elicits obstructive symptoms more easily in children
with underdeveloped airways.

abstract
BACKGROUND: Prenatal smoke exposure is associated with airway in-
flammation and asthma in children. It also increases the risk of low
birth weight (LBW). LBW is associated with decreased lung function
independently of smoking.

OBJECTIVE: To study the independent and joint effects of prenatal
smoking and LBW on childhood asthma.

METHODS: In 1996, all children aged 7 to 8 years in 3 cities in northern
Sweden were invited to an International Study of Asthma and Allergy in
Childhood questionnaire survey. This study focused on the follow-up of
children aged 11 to 12 years, in which 3389 children (96%) participated.
A subset of 2121 children underwent skin-prick testing. Self-reported
physician-diagnosed asthma has been clinically validated.

RESULTS: Mean birth weight was 3360 g in children exposed to prena-
tal smoking and 3571 g in nonexposed children (P� .001). The associ-
ation of prenatal smoking with physician-diagnosed asthmawas stron-
ger in LBW children (risk ratio: 8.8 [95% confidence interval: 2.1–38])
than in normal birth weight children (risk ratio: 1.3 [95% confidence
interval: 1.0–1.8]). LBW alone was not an independent predictor of
asthma. These associations were similar in multivariate analysis,
and the interaction term LBW � smoking was highly statistically
significant.

CONCLUSIONS: There was a strong interaction of LBW and prenatal-
smoking on the risk of physician-diagnosed asthma, which has not
been demonstrated previously. This was consistently seen with adjust-
ment for known risk factors, including allergic sensitization. Plausibly,
airway inflammation from prenatal smoke exposure induces obstruc-
tive symptoms more easily in the underdeveloped airways of LBW chil-
dren. Pediatrics 2011;127:e905–e912
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Asthma, themost common chronic dis-
ease of childhood, is caused by inter-
actions between multiple genes and
environmental factors.1,2 The develop-
ment of asthma and atopy is often de-
termined early in life.3 Also, certain
prenatal factors, such as impaired in-
trauterine growth and prenatal to-
bacco smoke exposure, are well
known to affect respiratory health af-
ter birth.4,5

Lung development is directly related to
fetal growth and length of gestation.6

Low birth weight (LBW), a marker of
impaired fetal growth, is associated
with lower lung function in infancy as
well as in childhood and adulthood.7–9

Respiratory symptoms and asthma
are more prevalent in LBW subjects
throughout life, and it has been postu-
lated that 15% to 20% of adult asthma
is attributable to LBW.5,10–12 Whether
this is a direct effect of impaired lung
function or mediated via insults such as
respiratory tract infections or air pollut-
ants in childrenwith impaired lung func-
tion5 has not been determined.

Prenatal maternal smoking, corrected
for subsequent smoking, shows an in-
dependent dose-response association
with current wheeze in infants.13 Lung
function at the third day of life, before
substantial postnatal exposures have
occurred, is impaired in children ex-
posed to prenatal smoke.14 Compared
with postnatal smoke exposure, which
was associated with diffuse respiratory
symptoms, prenatal smoking was more
strongly associated with physician-
diagnosed asthma.15 After this observa-
tion, the idea that exclusive postnatal
smokeexposurehasany independent ef-
fects has been challenged.13

In westernized countries, maternal
smoking is the leading cause of LBW.16

Thus, prenatal smoke exposure, LBW,
and subsequent reduced lung function
and respiratory symptoms are interre-
lated (Fig 1). Independent effects of
prenatal smoking and LBW have been

demonstrated.8,17 In 1 study, the risk of
respiratory symptoms from LBW was
increased by environmental smoke ex-
posure.18 The effect was modest, how-
ever, and was not seen for physician-
diagnosed asthma and decreased by
age.

To the present authors’ knowledge,
this relationship has not been further
elucidated. We explored the associa-
tions between prenatal smoking, LBW,
and asthma in a population-based
sample of �3000 schoolchildren. The
aim was to study the independent and
joint effects of prenatal smoking and
LBW on asthma in childhood, and we
found a strong synergistic effect.

METHODS

Study Population

The Obstructive Lung Disease in North-
ern Sweden (OLIN) pediatric study has
been described in detail previously.19

In 1996, all (N � 3525) schoolchildren
in first and second grade (aged 7–8
years) in 3 municipal areas (Kiruna,
Luleå, and Piteå) in northern Sweden
were invited to participate in a ques-
tionnaire study. The children in Kiruna
and Luleå (n� 2454) were also invited
to undergo skin-prick testing for aller-
gic sensitization. Informed consent
was obtained from the children’s par-
ents, and the study was approved by
the ethics committee of the Umeå Uni-
versity Hospital.

Methods and Definitions

The questionnaire was based on the
International Study of Asthma and Al-
lergy in Childhood (ISAAC) question-

naire,20 with added questions about
symptoms, physician-diagnoses, medi-
cation use, and possible disease deter-
minants.19 Reports of asthma symp-
toms and physician-diagnosed asthma
were clinically validated in 1997.21 The
skin-prick tests followed the European
Academy of Allergology and Clinical Im-
munology (EAACI) guidelines.22 The
skin-prick test methods and a valida-
tion by specific immunoglobulin E have
been described in detail.19,23–25

The majority of definitions have been
published previously,11,19,21 and only
those with special relevance to this
article are listed here. These defini-
tions included: (1) physician-diagnosed
asthma (“Has the child been diag-
nosed by a physician as having asth-
ma?”); (2) ever asthma (“Has your
child ever had asthma?”); (3) current
wheeze (wheeze or whistling in the
chest in the last 12 months); (4) LBW
(according to the World Health Organi-
zation definition, a birth weight�2500
g, as opposed to normal birth weight
[NBW]); and (5) prenatal smoking
(mother’s self-report of smoking in
pregnancy [“yes” or “no”]).

Data Analysis

Whereas childhood wheeze is hetero-
geneous and has a fluctuating time
pattern, in preteenagers asthma is
more clinically recognizable and has a
higher probability of persistence.11 The
present article thus focuses on chil-
dren aged 11 to 12 years and their fol-
low up. Birth weight and prenatal
smoking were surveyed at age 7 to 8
years and, hence, analyses of these
factors were limited to children partic-
ipating in both surveys. Prevalence
and risk relationships at age 7 to 8
years are shown for comparison. Uni-
variate relationships are displayed as
risk ratios (RRs) with 95% confidence
intervals (CIs). Comparisons of means
used the Student’s t test, and univariate
analyses used the �2 test. P � .05 was

FIGURE 1
Associations between prenatal smoking, LBW,
and asthma.
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considered statistically significant. Mul-
tivariate relationships by binary logistic
regression are displayed as odds ratios
(ORs). Four different multivariate mod-
els were tested, adjusting for different
panels of other known risk factors for
asthma in this cohort.11,19

The effect of prenatal smoking was
tested in univariate and multivariate
analyses with stratification for LBW. In
the multivariate analysis the interac-
tion term LBW � smoking was also
tested for statistical significance. In
another multivariate analysis (Fig 2), 4
exclusive exposure categories were
used: no LBW, no prenatal smoking
(E00) (reference category); LBW, no
prenatal smoking (E10); no LBW, prena-
tal smoking (E01); and LBW, prenatal
smoking (E11). All analyses were per-
formed by using SPSS Statistics 11.5
(SPSS Inc, Chicago, IL).

The attributable proportion due to in-
teraction (AP) was calculated follow-
ing the method described by Ander-
sson et al and the software provided by
the authors at www.epinet.se.26 In the 4
exposure categories noted here, RR
(analogous to E) was the relative risk
compared with the reference cate-

gory. RRs were calculated from multi-
variate regression coefficients:

AP� �RR11� RR10� RR01� 1� ⁄ RR11
RESULTS

Basic Characteristics

At age 11 to 12 years, the prevalence
of current wheeze and physician-
diagnosed asthma was 9.4% and 7.5%,
respectively (Table 1). The prevalence
of allergic sensitization was 30.1%.
Birth weight followed a normal dis-
tribution (mean: 3518 g [range: 1064–

6620 g]). LBW (ie, �2500 g) was re-
ported by 4.1% whereas 0.4% reported
very LBW (�1500 g). Overall, 24.3% of
the children had been exposed to pre-
natal smoking, and 16.6% were ex-
posed both to prenatal smoking and
maternal smoking at age 11 to 12
years. Corresponding data at age 7 to 8
years are shown for comparison.

Univariate Risk Relationships

At age 11 to 12 years, the main out-
come, physician-diagnosed asthma,

FIGURE 2
Adjusted ORs for physician-diagnosed asthma
at age 11 to 12 years. Four mutually exclusive
exposure categories (ie, dummy variables)
were analyzed using multivariate regression
analysis. Adjustment was made for: parental
asthma, respiratory tract infections (model Ia);
parental asthma, respiratory tract infections,
gender, breastfeeding �3 months, and damp
house (model IIa). Models Ib and IIb in addition
to their counterparts Ia and IIa also included
allergic sensitization.

TABLE 1 Participation and Prevalence of Respiratory Conditions, Allergic Sensitization, Smoking,
and LBW

Age 7–8 y Age 11–12 y

n % n %

Participation 3430 97.3 3389 96.5
Current wheeze 400 11.7 319 9.4
Physician-diagnosed asthma 197 5.7 263 7.5
Current asthma 181 5.3 215 6.3
Ever asthma 218 6.4 317 9.4
Participation in skin test 2148 87.5 2155 88.4
Allergic sensitization 443 20.6 656 30.1
Smokinga

Prenatal (mother) 842 25.0 766
In first year
At least 1 parent 1224 36.7 1118 36.3
Both parents 502 16.1 449 15.8
Current
At least 1 parent 1340 40.5 896 29.9
Both parents 407 13.0 239 7.7
Prenatal and current (mother) 657 19.5 541 16.6
Prenatal or subsequent (mother) 1291 37.6 1284 37.9
Birth weighta

�2500 g 139 4.1 126 4.1
�1500 g 11 0.3 11 0.4

a In the age 11- to 12-year follow-up, these data were limited to children participating both at ages 7 to 8 and 11 to 12 years.

TABLE 2 Prevalence and RR of Physician-Diagnosed Asthma and Current Wheeze at Ages 7 to 8 and
11 to 12 Years According to the Presence of LBW and Prenatal Smoking

Age 7–8 y Age 11–12 y

Asthma Wheeze Asthma Wheeze

NBW, % (n)
All 5.5 (171) 11.0 (345) 7.7 (221) 9.5
No smoking 5.2 (124) 10.5 (249) 7.1 (156) 8.8 (193)
Smoking 6.2 (47) 12.7 (96) 9.5 (65) 11.6 (80)
Smoking, RR (95% CI) 1.19 (0.86–1.65) 1.21 (0.97–1.51) 1.33 (1.01–1.76)a 1.37 (1.04–1.80)a

LBW, % (n)
All 10.9 (15) 23.2 (32) 11.1 (14) 7.9 (10)
No smoking 6.1 (5) 19.5 (16) 2.4 (2) 4.9 (4)
Smoking 17.9 (10) 28.6 (16) 21.4 (12) 10.7 (6)
Smoking, RR (95% CI) 2.93 (1.06–8.11)a 1.46 (0.80–2.68) 8.79 (2.05–37.8)a 2.21 (0.65–7.43)

NBW indicates normal birth weight.
a Statistically significant association.
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was statistically significantly associ-
ated with prenatal smoking (Table 2).
This association was greater in LBW
children (RR: 8.79 [95% CI: 2.05–37.8])
compared with NBW children (RR: 1.33
[95% CI: 1.01–1.76]). LBW alonewas not
significantly associated with physician-
diagnosed asthma (P � .160). In re-
gression analysis without adjustment,
the interaction term LBW � smoking
was highly statistically significant (P �
.006). This synergistic effect was not
seen for current wheeze (P� .350 for
the interaction term). At age 7 to 8
years, the synergistic effect of the 2
risk factors on physician-diagnosed
asthma was weaker (RR: 2.93 [95% CI:
1.06–8.11]).

Characteristics of Children
Exposed to Smoking in Pregnancy
and Born at a LBW

Mothers’ prenatal smoking was highly
associated with subsequent smoking
(Table 3). In children exposed to prena-
tal smoking, mean birth weight was
3360 g compared with 3571 g in unex-
posed children (P � .001), and the
prevalence of LBW was 6.9% compared
with 3.3% in the nonexposed children
(P � .001). Breastfeeding �3 months
wasmore prevalent in children born of
smoking mothers and among LBW chil-
dren (P� .001 each). Respiratory tract
infections tended to be more preva-
lent, although not statistically signifi-
cant (P � .057) in LBW children. The
prevalence of other known risk factors
for asthma was generally independent
of the presence of prenatal smoking
and LBW.

Adjusted Risk Relationships

In multivariate analyses, the combi-
nation of LBW and prenatal smoking
increased the risk of physician-
diagnosed asthma at age 11 to 12
years four- to sixfold, which was highly
statistically significant (Fig 2). The
combined risk was higher in models
adjusting for allergic sensitization

(models Ib and IIb). Prenatal smoking
alone was borderline statistically sig-
nificant (OR: 1.35 [95% CI: 0.99–1.84])
in model Ia, whereas LBW alone was
not independently associated with
physician-diagnosed asthma. Accord-
ingly, the interaction term LBW �
smoking was highly statistically signif-
icant for physician-diagnosed asthma
(P� .007, model Ia; P� .010, model Ib;
and P � .026, model IIa). This interac-
tion was seen also for the outcome
ever-asthma, which provided greater
statistical power, thus narrowing the

CIs (data not shown). For current
wheeze, there were no significant in-
teractions (all P� .1).

Multivariate analyses stratified for
LBW confirmed the observed univari-
ate associations and further under-
lined the presence of an interaction
(Table 4). In NBW children, prenatal
smoking was a weak but statistically
significant risk factor for current
wheeze and physician-diagnosed asth-
ma alike (OR: 1.3–1.5). In contrast, in
LBW children, prenatal smoking had

TABLE 3 Characteristics of and Exposures Among 11- to 12-Year-Olds Exposed and Not Exposed,
Respectively, to Prenatal Smoking by the Mother

Prenatal Smoking (N� 766) LBW (N� 126)

Yes No Pa Yes No Pa

Prenatal smoking, % — — — 40.5 23.8 �.001
Smoking first year, % 90.2 18.4 �.001 44.6 26.6 �.001
Smoking, age 7–8 y, % 79.7 15.0 �.001 52.0 30.1 �.001
0–4 cigarettes per d 7.1 5.0 — 8.9 5.3 —
5–14 cigarettes per d 53.5 9.0 — 33.3 19.4 —
15–24 cigarettes per d 18.1 1.0 — 8.9 5.1 —
�25 cigarettes per d 1.1 0 — 0.8 0.2 —
Smoking, age 11–12 y, % 72.8 12.0 �.001 45.1 26.2 �.001
0–4 cigarettes per d 8.1 4.0 — 7.4 4.7 —
5–14 cigarettes per d 50.9 7.0 — 33.6 17.3 —
15–24 cigarettes per d 13.2 1.0 — 3.3 4.0 —
�25 cigarettes per d 0.7 0 — 0.8 0.2 —
Birth weight, mean (SD) 3360 (553) 3571 (568) �.001 2126 (351) 3578 (497) �.001
LBW, % 6.9 3.3 �.001 — — —
Parental asthma, % 18.9 17.5 .357 22.2 17.5 .173
Allergic sensitization, % 31.3 30.5 .758 28.0 30.7 .620
Respiratory tract infections, % 59.5 57.9 .442 66.7 58.1 .057
Breastfeeding�3 mo, % 30.9 11.6 �.001 35.2 15.6 �.001
Damp house, % 5.8 4.4 .128 4.0 4.9 .649
Male gender, % 48.8 51.5 0.202 45.2 50.9 0.211
Birth order, mean (SD) 1.99 (1.16) 1.98 (1.06) 0.765 1.87 1.99 0.237
a �2 test for dichotomous outcomes and 1-way analysis of variance for comparisons of means.

TABLE 4 Adjusted ORs of Current Wheeze and Physician-Diagnosed Asthma at Age 11 to 12 Years
From Prenatal Smoke Exposure, Stratified According to LBW and Analyzed by Using
Multiple Logistic Regression

Prenatal Smoke Exposure

Model Iaa Model IIab Model Ibc Model IIbc

Wheeze
NBW 1.34 (1.01–1.77)d 1.30 (0.97–1.74) 1.53 (1.08–2.17)d 1.45 (1.01–2.08)d

LBW 2.44 (0.64–9.23) 4.41 (0.98–19.8) 5.24 (0.66–41.8) —e

Asthma
NBW 1.35 (0.99–1.84) 1.30 (0.94–1.80) 1.44 (0.98–2.12) 1.38 (0.92–2.07)
LBW 11.3 (2.40–53.2)d 27.2 (3.20–231)d 17.7 (1.75–180)d —e

a Model Ia included also parental asthma and respiratory tract infections.
b Model IIa included also parental asthma, respiratory tract infections, gender, breastfeeding�3months, and damp house.
c Models Ib and IIb, in addition to the covariates in their counterparts Ia and IIa, also included allergic sensitization.
d Statistically significant association.
e Too few cases to compute meaningful OR.
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ORs of �10 for physician-diagnosed
asthma. This association was weaker
and not statistically significant for cur-
rent wheeze.

DISCUSSION

In this large, population-based study of
11- to 12-year-olds, there was a clear
interaction between prenatal smoking
and LBW on the risk of physician-
diagnosed asthma. LBW was not inde-
pendently associated with physician-
diagnosed asthma. Prenatal smoking
was an independent but weak risk fac-
tor for physician-diagnosed asthma in
NBW children, whereas the joint effect
of both risk factors increased the risk
of physician-diagnosed asthma more
than sixfold.

The majority of cases of physician-
diagnosed asthma among children ex-
posed to prenatal smoking occurred
among NBW children. Conversely, in
LBW children almost all cases were
seen in those exposed to prenatal
smoking. Although this group ac-
counts for only a minority of asthma in
the general population, the present
study identifies a subgroup at very
high risk. Adjusted for potential con-
founders, the proportion of physician-
diagnosed asthma that was attribut-
able to the interaction among children
with both risk factors (AP) was esti-
mated at between 82% (model Ia) and
89% (model Ib).

Methodologic Aspects

This study benefits from its size and
population-based design, which distin-
guishes it from previous registry-
based studies and studies of selected
populations.14,27–31 The study included
almost all 11- to 12-year-olds in these 3
municipalities as school attendance is
mandatory in Sweden, virtually elimi-
nating selection bias. Through use of
an extensive questionnaire, the study
cohort was well characterized.11,19,21

The risk analyses were adjusted for

numerous potential confounders, in-
cluding objective data on sensitization,
which is an important advantage in
countering the co-variance of smoking
with other lifestyle factors. Other fac-
tors that further minimized bias in-
clude the fact that Swedish maternity
care is of high standard, weighing of
the neonate is a standardized proce-
dure, and birth weight was reported in
grams instead of having a specific
question regarding LBW.

The main limitations arise from the
cross-sectional nature of the study,
which, through recall bias, may in-
crease the uncertainty of cause-
consequence relationships. Mothers
of asthmatic children may underre-
port smoking, which is a social stigma.
Analogous to the “healthy smoker ef-
fect,” this would lead to an underesti-
mation of the relationship with asthma
and thus not inflate the observed asso-
ciation. Regrettably, questions about
conditions related to LBW (eg, gesta-
tional length, multiparity, maternal
disease) were not included in the
questionnaire. This may have lowered
the specificity of LBW, and it is possible
that certain subgroups of LBW sub-
jects are at further elevated risk of de-
veloping asthma.

Because no data were available re-
garding gestational length or perinatal
illnesses, we cannot completely rule
out the possibility of some misclassifi-
cation with bronchopulmonary dyspla-
sia, which is overrepresented in pre-
mature children. This should be
further explored in future studies. Nev-
ertheless, the interaction of LBW and
prenatal smoking was not seen for
current wheeze but for physician-
diagnosed asthma. A diagnosis of
asthma is more specific at age 11 to 12
years compared with age 7 to 8 years,
as the heterogeneity of wheezing dis-
orders decreases with age.11 A clinical
validation of self-reported physician-
diagnosed asthma in our study

showed near 100% specificity and
�70% sensitivity of the question, when
evaluated against a predefined panel
of asthma criteria and against Swed-
ish pediatricians’ assessments.21 Be-
cause this condition reflects a lifetime
burden of respiratory symptoms se-
vere, persistent, and specific enough
to have rendered the child a physi-
cian’s diagnosis of asthma, it was cho-
sen as the main outcome.

Interaction of LBW and Prenatal
Smoking

The joint effect of LBW and prenatal
smoking on physician-diagnosed asthma
was clearly higher than would be ex-
pected on an additive scale, indicating
a multiplicative interaction.26 Although
there were only a few cases, the find-
ing was consistently seen in univariate
analysis and in different multivariate
models. The distribution of potential
confounders was largely independent
of the presence of LBW and prenatal
smoking. Slight differences were seen
for breastfeeding and respiratory
tract infections, which, when adjusted
for, only strengthened the observed in-
teraction effect. Thus, the strong inter-
action was seemingly not explained by
other factors.

The present study is the first, to the
authors’ knowledge, to demonstrate
this strong interaction for physician-
diagnosed asthma in schoolchildren.
Although numerous studies have ad-
dressed the independent effects of
LBW and smoking on respiratory out-
comes,2–10,12–15,17,27–34 only 1 has previ-
ously targeted interactions.18 This
study observed a birth cohort up to 7
years of age and found that the risk
of respiratory symptoms (wheeze,
cough, or lower respiratory tract in-
fection) from LBW was slightly in-
creased by smoke exposure (OR: 1.52
vs 1.21) at 5 years of age.18 The authors
concluded that however interesting,
the weak interaction was only seen for
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unspecific symptoms and not asthma
diagnoses, and was diminished by
increasing age. Our study, in con-
trast, found a strong interaction for
physician-diagnosed asthma that was
greater at age 11 to 12 years than at
age 7 to 8 years, but found no indepen-
dent effects of LBW. It cannot be ex-
cluded that this disparity between our
studies was because of differences in
methods and study samples. Neverthe-
less, another plausible explanation is
that by the preteen years, many LBW
children have outgrown the unspecific
wheeze caused by impaired lung devel-
opment, whereas clinically relevant
asthma may have developed among
LBW children exposed to prenatal
smoke.

In a recent review, Jaakkola et al5 spec-
ulated that an exposure (prenatal
smoking) could alter the relationship
between fetal growth impairment and
asthma. Either prenatal smoking could
lead to both LBW and asthma in genet-
ically predisposed people, or the devel-
opment of asthma could be mediated
through an association of prenatal
smoking with a subsequent exposure
(eg, postnatal smoking). The fact
that the interaction was greater at
age 11 to 12 years than at age 7 to 8
years may indicate a cumulative ef-
fect by age, likely in the form of sub-
sequent smoking among mothers
who smoked during pregnancy. How-
ever, the study was not designed to
separate the effects of smoking at
different ages.

Independent Effects of LBW and
Prenatal Smoking

There is compelling evidence that LBW
affects lung function. In infants (ie, be-
fore postnatal exposures had oc-
curred), LBW adjusted for prenatal
smoking was associated with im-
paired lung function.30 Similar effects
including decreased gas diffusion ca-
pacity have been reported in older chil-

dren and in adults.7–9 The association
of impaired intrauterine growth and
LBW with asthma is not clear, how-
ever. In a meta-analysis, preterm de-
livery had ORs between 1.07 and 1.37
for asthma but with no consistent ad-
justment for prenatal smoking.5 Only
very few pediatric studies have
found an association between LBW
and asthma after adjusting for smok-
ing.12 Others have not been able to
demonstrate this association in chil-
dren7 or in adults.8

In our study, LBW was not an indepen-
dent risk factor for physician-
diagnosed asthma. However, without
the interaction term the association
of LBW with physician-diagnosed
asthma was positive, and this was
further strengthened when prenatal
smoking was also omitted from the
model (data not shown). On the basis
of our findings, confounding by the
interaction with smoking and smok-
ing per se could explain the differ-
ences between previous studies. Fu-
ture prospective studies of these
relationships should further clarify
whether LBW is a true independent
risk factor for asthma.

In contrast to LBW, prenatal smoking
has been linked to asthma symptoms
previously. In 1 review,maternal smok-
ing was associated with childhood
wheeze but not asthma.32 However,
later studies have demonstrated this
relationship with postnatal smoking,
whereas prenatal smoking was asso-
ciated with asthma15,27 similar to find-
ings in our own cohort.11 Interestingly,
prenatal—as opposed to postnatal—
smoke exposure seems to interact
with the ADAM33 gene on asthma
risk,31 underlining the importance of
the timing of smoke exposure. The
present study unfortunately was not
powered to explore prenatal smoking
and LBW in mothers who quit smoking
shortly after birth. In addition to these
epidemiologic findings, mechanistic

studies have further clarified some of
the pathways linking prenatal smoking
to pediatric asthma. In neonates of
smoking mothers, flow-volume ratio at
tidal breathing (a predictor of infant
wheeze) and lung compliance, ad-
justed for birth weight, were signifi-
cantly reduced in newborns.14 Re-
duced infant airway caliber has been
reported in other studies.33 Prenatal
smoke exposure affects exhaled ni-
tric oxide,29 increases levels of F2-
isoprostanes in infants,34 and also in-
creases T-helper type 2 cell responses
in neonates.28

Thus, it seems that although birth
weight mainly affects lung function,
prenatal and later smoke exposure
has immunologic effects associated
with the development of asthma. We
therefore postulate that airway inflam-
mation from prenatal smoking in an
underdeveloped lung owing to intra-
uterine growth impairment could ex-
plain the interaction seen in our study.
This could be a direct effect of oxida-
tive stress, or mediated through sub-
sequent infections, allergens, or other
exposures. Impaired lung function is
a risk factor for respiratory tract in-
fections,6 the history of which tended
to be more prevalent (P � .057) in
LBW children. Moreover, subsequent
smoking may add to the prenatal
smoking in LBW children, supported
by the fact that the observed interac-
tion was stronger at age 11 to 12
years than at age 7 to 8 years. Mater-
nal smoking exclusively at age 11 to
12 years was not associated with
physician-diagnosed asthma (RR:
1.13 [95% CI: 0.70 –1.83]), but this re-
lationship is complicated, as moth-
ers who smoke during pregnancy
are, in general, heavier smokers.13,28

CONCLUSIONS

This study, to our knowledge, is the first
to identify a strong interaction between
prenatal smoke exposure and LBW on
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physician-diagnosed asthma in school-
children. The significant augmentation
of LBW on the association between pre-
natal smoking and physician-diagnosed
asthma could not be explained by con-
founding. These new findings help ex-
plain the interrelationship between
smoking, intrauterine growth impair-
ment, and childhood asthma. Smoke-
induced oxidative stress in underdevel-

oped airways caused by impaired fetal
growth is a plausible mechanistic expla-
nation for the development of asthma in
these children.
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